ABSTRACT. -Mid-winter populations of birds at 20 open-grassland sites of varied grazing pressure and cultivation practices in Oklahoma and Texas were examined to evaluate patterns of avian species' abundances and distributions. Most of the 23 non-raptorial bird species observed were winter residents. Of these, only 14 were present on more than 2 of 53 censuses. Except for meadowlarks and the Sprague' s Pipit (Anthus spragtleiz), these species are granivores. Regional distinctions in species composition of 5"-latitude-longitude blocks occur along northsouth and east-west axes in the south-central United States. A cluster analysis of sites grouped them primarily on the basis of the most abundant bird species. Sites with similar grazing pressures were generally placed into the same cluster. However, sites in Oklahoma classified as moderately grazed were grouped with either heavily or lightly grazed grasslands depending on the predominant avian species.
In temperate grasslands, the winter differs from the breeding season in several important ways for grassland birds. Many species occupy different geographical ranges, are subjected to different climatic conditions (often more severe in winter), and use different foods. The food for many temperate passerine species during winter consists primarily of seeds, which can be abundant (Johnston and Odum 1956) ; seed abundances are established at the time of the first frost, and decrease as the season progresses. The days are shorter in winter and afford less time for all activities. Competition may be heightened by increased overu371 TABLE 1. January population estimates (birds/ 100 ha), total and granivore biomass (kg/ 100 ha), and dominance for grassland bird communities in Oklahoma. lap in ranges (of many species), and by the to produce various crop monocultures. Farminitial high postbreeding populations, which ing practices can completely change the nature include many young birds. of a grassland site in a short period. Grasslands can undergo radical changes anThis paper is one of a series (Grzybowski nually, as well as during the same season. Cli-1976 Cli- , 1980 ) dealing with resource utilization matic instability can create perturbations in and population structure in grassland bird productivity and plant species composition communities during the winter. My purposes (Albertson and Weaver 1944) and thus alter are to: (1) determine the abundance and disphysiognomic structure. Productivity is re-tribution of grassland bird species during winduced in arid, dry years compared to normal ter in several regions of Oklahoma and Texas; and wet years (Weaver and Albertson 1940, (2) evaluate patterns of avian population struc-1956) and xeric conditions can effectively ture on grassland sites with varied grazing magnify grazing pressure. Furthermore, many pressure or cultivation practices within and of the grasslands in the Great Plains are used among regions; (3) assess annual variation in grassland bird populations; and (4) evaluate the relation of observed patterns in bird abundance to various factors that may influence them. (Fig.  1) . I selected sites on the basis of their uniformity, absence of trees or shrubs, and large size (permitting adequate sampling and minimal edge effect). The size of the sites ranged from about 30 ha on the smallest in southern Texas to greater than 100 ha. About 5% shrub cover occurred on two of the four southern Texas sites. Otherwise, tree and shrub cover was absent or covered less than 0.5%, being isolated individual plants less than 3 m in height.
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STUDY AREAS
Sites were classified into treatment categories on the basis of grazing pressure or cultivation. A site was considered a lightly grazed grassland (LG) where the dominant palatable grasses had uniformly grown to heights approaching their maximum potential height. Where these dominant grasses occurred in distinct clumps, the site was considered a moderately grazed grassland (MG). Where the dominant palatable grasses typical of the region were absent or present only in widely scattered clumps, and/or grazed to near ground level, the site was classified as a heavily grazed grassland (HG). The only cultivated sites (CUs) evaluated were planted with winter wheat (Triticum aestivum) in central Oklahoma. A cultivated site left fallow for a portion of the growing season was considered a successional grassland (SG) the following winter. A site in western Texas (MIX) included a prairie dog town and a lightly grazed grassland.
OKLAHOMA SITES
Oklahoma localities were in the region classified as bluestem-grama prairie (AndropogonBouteloua) by Kuchler (1964 On cultivated sites studied, crops of sorghum (Sorghum bicolor) had generally preceded the fall plantings of winter wheat. Vegetation height (or litter depth) on cultivated sites was less than 5 cm. Grazing, agricultural practices, and variation in rainfall changed the character of several sites (Table 1) 
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METHODS
In most cases, population estimates were based on counts made along transect routes and converted to density values by applying a coefficient of detectability (CD.) for each speciesthe percentage of the total population in a strip of standard width that is detected (Emlen 197 1, 1977) . I walked transect lines through the grasslands from 0.5 to 4 h after sunrise. The one-half hour period just after sunrise was avoided because it appeared to be a brief time of heightened activity during which detectability was higher. At least three or four replicate transects, often walked over a period of several days, were used to obtain each estimate. On the smaller southern Texas sites (30 ha), up to eight replicates were used for each estimate.
The location of each bird seen was recorded in relation to its perpendicular distance from the transect line. When groups were encountered, I used the distance of the individual farthest from the transect line and recorded the group size (cf. Emlen 1977 (Emlen 1977) . Groups are more detectable than individuals, however, and separate C.D. calculations were made for groups (comprised of 6 to 30 individuals) of each species. Population estimates of grouped individuals were added to those for "ungrouped" individuals of a species to obtain a total density estimate. These adjustments were necessary in some cases for Horned Larks (see Appendix for scientific names), Eastern and Western meadowlarks, and Smith' s and Chestnut-collared longspurs. For some highly gregarious species (Lapland and Smith' s longspurs), I estimated the size of larger groups by counting the largest number of individuals in the air at one time, dividing by the area of the site, and adjusting this figure for 100 ha.
To evaluate similarities in bird communities among the various grassland types, years, and regions, I performed a cluster analysis, based on standardized population estimates of species (i.e., Y = 0 and SD = 1.0 for each species). Species occurring on only one census were deleted from this analysis. Using NT-SYS (Numerical Taxonomy System; a series of multivariate computer programs developed by F. J. Rohlf, J. Kishpaugh, and D. Kirk), productmoment correlation coefficients were calculated between all pairs of censuses. Clusters were formed with the unweighted pair-group method, using arithmetic averages, and summarized in dendrograms. The cophenetic correlation was computed between the original correlation matrix and the cophenetic values of the cluster analysis to assess the amount of distortion in the dendrogram (Sokal and Rohlf 1962) . A similar analysis, using sites as characters, was employed to evaluate similarities among species' occurrences.
To estimate the biomass for a species, I multiplied the average weights for up to 10 individuals (five males and five females) by the population estimate. I used weights of specimens obtained on the sites, or housed in the Stovall Museum (University of Oklahoma) and obtained during the winter months (see Appendix). For analysis of avian biomass, I assigned each species to one of the following foraging guilds on the basis of species' size and the primary food consumed (unpubl. data): doves; granivores; insectivores (other than meadowlarks); and meadowlarks (see Appendix for guild assignments). Means of avian biomass for treatments within and among regions were subjected to Duncan' s multiplerange test (Kramer 1956 ).
An index of numerical dominance (D) was calculated for each site (S) using the formula:
( 1) where n, is the number of individuals of species i, ~1, is the total number of individuals of all species, and YIZ is total number of species (Pielou 1975). This value measures the probability that two individuals selected at random from a community will belong to the same species.
Seed samples were obtained in January of 1978 and 1979 on 10 sites. I randomly selected 20 to 30 locations on a site and brushed debris from the surface of areas 10 X 10 cm into a container. Seeds were sorted into size classes and counted. I transformed frequency data to a seed volume (SI/) estimate with the formula:
i=l where r, is radius of mean seed size in the ith class, n is number of classes, Y, is the number of seeds in the ith class, and X, is a correction factor to adjust seed volume to cubic millimeters of seeds per square meter for sample a. This provided a general index of seed availability in mid-winter. A similar sampling procedure was employed by Pulliam (1975) . Physiognomic structure of vegetation was measured in detail at seven of the sites (twice at two of these) to characterize grazing treatments. I sampled 264 points spaced 15 m apart Results of Christmas Bird Counts (CBC; C. E. Bock, pers. comm.), compiled by the National Audubon Society, were used to evaluate bird species distributions at the regional level. These data are represented as the number of birds (of a species) seen per party-hour of observation time within a 5"-latitude-longitude block (Fig. 2) . I averaged annual results from these censuses for a 1 O-year period (1962-l 97 1) to reduce the effect of inconsistencies in observer effort and skill (Bock and Lepthien 1974). The average frequencies within gridblocks were converted to the proportion of total observations for each species. Patterns of distribution among grassland bird species were assessed with a cluster analysis of grid-blocks, using proportion occurrence of species as variables.
RESULTS
The number of wintering grassland bird species was small in all areas studied (Tables  1, 2 
REGIONAL COMPARISONS
Distributions of species at the regional level were evaluated from CBC data. Table 3 
SITE COMPARISONS
A cluster analysis (Fig. 4) using population estimates from the 52 censuses (Tables 1 and  2 ; excluding site 5c in 1979 when no birds were present), shows that sites are generally associated on the basis of the dominance of one species. In the dendrogram (Fig. 4 ; cophenetic (Fig. 4) . Both had very low density estimates for all species present (see Table 2 ). On site 2a in 1976 and 1978 ( Fig. 4 ; between groups 3 and 4), the Tree Sparrow was one of the most common species; densities were also low at this site. Site lb in 1977 (Fig.  4) A cluster analysis of species ( Fig. 5 ; cophenetic correlation = 0.759) further exemplifies the generally weak relations among most of the species. The most closely associated species were the Ground Dove, the Lincoln' s Sparrow and the Baird' s Sparrow. The first two were uncommon on MGs in southern Texas; the latter is a rare western Texas species. These associations are based on similarities in nonoccurrence for species found on only two cen- suses each. Overall, none of the 17 species is similar in their response to particular site characteristics.
TREATMENT COMPARISONS
In central Oklahoma, avian biomass tended to increase from LGs to HGs (Table 4) . However, few of the treatments were significantly different (P < 0.05; Table 5 ). The HGs had significantly higher granivore biomass than MGs or LGs (P < 0.05). Biomass estimates for cultivated sites were high, but extremely variable. The biomass estimate for the HG (site 3b) in northern Oklahoma was the highest of any estimate on any site. The Smith' s Longspur (Table 1) was dominant on this site, comprising 97% of all individuals. Population estimates for western Texas sites were highest on site 5a (MIX; Table 4), which was a lightly grazed area partially traversing a prairie dog town. MIX had significantly higher (P < 0.05) estimates of granivore and total avian biomass than LGs in western Texas. Granivore biomass was higher on MGs than HGs (P < 0.05) in southern Texas. Total biomass also was higher on MGs than on HGs (P < 0.05).
Insectivorous birds (other than meadowlarks) were inconsequential on the Oklahoma and western Texas sites (Table 4) . Meadowlarks were absent from the northern Oklahoma sites. Insectivores were more abundant on southern Texas sites than on those in Oklahoma, as were doves (which were absent in Oklahoma grasslands). The Sprague' s Pipit was the only obligate insectivore consistently appearing on some southern Texas sites (sites 6c and 6d; Table 2), although meadowlarks in southern Texas were entirely carnivorous in the winter (unpubl. data). I found no significant differences (P > 0.05) for any ofthe treatment comparisons within regions for meadowlarks.
Biomass for all foraging groups was higher on MGs in southern Texas than in central Oklahoma (Tables 4 and 5 (Table 2) . Site 6b had clay soils and was wet in all years of the study, in contrast to site 6a (also MG) located on welldrained sandy soils. Granivore biomass generally decreased on the MGs from 1976-l 977 to January 1979, but increased slightly on the HGs over this period (Table 2) . Savannah Sparrows were a consistently abundant element of the granivore biomass. Meadowlarks were generally more abundant on the HGs than on the MGs (Table 2) morning transects. Turkeys (Meleagris gallopavo) were also observed traversing site 6a.
Seed abundance was measured on several sites in January of 1978 and 1979. Plotting granivore biomass against the log of seed volume (Fig. 6) I obtained a correlation of 0. 78, but when the two outliers were removed, the correlation was reduced to 0.44. This analysis implies that seed abundance is a factor on seed rich sites, but that other factors also determine sizes of populations on sites of intermediate to low food abundance. The sites where seeds were most abundant had the highest granivore biomass, and those with very low seed abundance supported very low granivore biomass (Fig. 6) Many grassland birds are habitat specialists in winter (Grzybowski 1976 (Grzybowski , 1980 . Cluster analysis showed sites grouped on the basis of the dominance of one or two species. Lapland Longspurs preferred cultivated sites; LeConte' s Sparrows occurred primarily on lightly grazed areas. Smith' s Longspurs may be the most specialized, occupying heavily grazed patches of three-awn (Grzybowski 1980 ). Meadowlarks were less specialized, appearing on all site types, sometimes in large numbers. Savannah Sparrows also appeared on all grazing treatment types in Oklahoma and southern Texas, but were rare in western Texas.
Climatic tolerances also influence distribution of birds. The CBC data show north-south gradients in distribution for eastern plains regions (Fig. 7) similar to distribution patterns during the breeding season. Thus, the passerine species breeding farthest north-the Snow Bunting-has the most northerly wintering range (Godfrey 1966 ). The Smith' s and Lapland longspurs are tundra species (Godfrey 1966 ) whose winter distributions typify the central-northeastern grid-blocks (Fig. 7A) . Many sparrow species breeding in northern plains grasslands (Bent 1968) winter along the southern border of the United States (Fig. 7B) Climatic factors also may affect east-west changes in distribution. Horned Larks were most common in western regions and they dominated grasslands in western Texas. Colorado studies (Wiens 1974a ) during the breeding season showed that they were more common in dry years. The preference of Homed Larks for arid conditions may be manifest in their east-west distribution patterns (Fig. 7C) . Species turnover is highest between shortgrass areas of the high plains and the mid-grass and tallgrass areas of eastern regions. Southwestern regions are typified by Baird' s Sparrows, and McCown' s and Chestnut-collared longspurs; southeastern regions by LeConte' s and Savannah sparrows, and Sprague' s Pipits (Fig. 7) . These regional patterns may have been associated with historical habitat distributions. Some mixing from east and west occurs, yet no open-field granivores that occupy sparsely vegetated areas occur in heavily grazed habitats in southern Texas. Some Horned Larks and Chestnut-collared Longspurs were noted during the study in sandy dry areas (blowouts) on the coast, and in some large cultivated fields (unpubl. data).
While habitat may influence which species occupy a particular site and climate can influence regional distributions, grassland birds opportunistically use concentrated food sources. Wiens (1973) indicated that grassland bird communities in summer may not be "as closely controlled or integrated as, for example, forests (Whittaker and Woodwell 1972) because of their more direct interfacing with, and greater sensitivity to seasonal and longterm abiotic variation." In winter, patterns in regional distribution and annual variation of bird populations reflect climatic influences. Little similarity is found among species in site occupancy (Fig. 5) or regional distribution (Table 3 ); yet most grassland birds appear to respond somewhat to sets of factors such as climate and habitat (Grzybowski 1976 (Grzybowski , 1980 . Mobility of grassland birds allows opportunism, as seen in the relation of granivore biomass to seed abundance (Fig. 6 ) and the invasion of sites by new species as grazing pressure or cultivation practices change.
